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We, British Titan Products Company 
Limited, a Company organised under the 
laws of Great Britain, of Billingham, County 
Durham, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly des- 
cribed in and by the following statement: — 

The present invention relates to an im- 
proved apparatus and process for the mill- 
ing of particulate solids in liquids. The term 
"milling" is meant to include grinding of 
the solid to reduce particle size and disper- 
sion of the solid in a liquid unaccompanied 
by a diminution in the size of the particles 
of the solid. 

It is known practice to mill particulate 
solids, especially finely-divided solids, for 
example pigment particles, in liquids where- 
in these solids are agitated in the presence 
of a liquid and a particulate milling medium 
(which may act as a grinding medium). Such 
process is referred to hereinafter as "sand 
milling". 

Sand milling has been used to reduce the 
particle size, to disperse solids in liquids, 
and, in the case of pigments, to improve 
the tinting strength. A case in which it may 
be used for all three purposes is that of 
titanium dioxide pigment, where the process 
may be used to reduce the size of the pig- 
ment particles, and/or to improve the tinting 
strength, and/or to disperse the pigment in 
a paint base. 

One disadvantage of sand milling pro- 
cesses available hitherto is the excessive 
length of time during which the solids to be 
milled must be retained in the apparatus 
in order that sufficient grinding or disper- 
sion of the solid should be obtained. This 



excessive retention time seriously limits the 
production rate through the sand mill 

It is an object of the present invention to 
provide an improved apparatus and process 
for sand milling in which the retention time 45 
in the mill required to obtain the desired re- 
sult may be relatively short 

Accordingly, the present invention is an 
apparatus for sand nulling comprising a con- 
tainer and a shaft rotatable within the con- 50 
tainer, the shaft carrying a plurality of im- 
pellers spaced apart along its length with- 
in the container, there being at least one 
baffle projecting inwardly from the interior 
wall of the container between the impellers 55 
so that the inner edge of the baffle and 
the outer edges of the impellers overlap, the 
baffle extending continuously or substantially 
continuously around the interior wall of the 
container. 60 

The container is preferably a generally 
cylindrical vessel open at one end and hav- 
ing an orifice at the opposite end. In the 
preferred apparatus, the vessel is placed, 
with its open end uppermost and the shaft 1 65 
projects downwardly from a drive mech- f 
anism through the open end or top of the | 
container. The liquid and solid to be milled 
are then supplied usually as a slurry to the 
apparatus through the orifice at the lower 70 
end of the container and are withdrawn 
from the uppermost end of the container. Al- 
ternatively, the shaft may project inwardly 
through the lower closed end of the con- 
tainer, for example through a seal such as 75 
a mechanical seaL 

A preferred type of container is one com- 
prising a lower and an upper portion, the 
lower portion being the said cylinder having 
an open end on which is mounted the upper 80 



1,024,053 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



portion, the latter forming a continuation 
of the lower portion and having walls which 
slope outwardly to form a hollow inverted 
frusto-cone. A container of this type allows 
the particulate nulling medium (for example 
particles of silica, zircon, alumina, titanium 
dioxide, glass or ceramic material or beads) 
which are present in the chamber during 
the sand milling to settle preferentially and 
return to the lower portion of the container 
as the milled solid/liquid slurry rises in the 
upper portion of the container. In containers 
of this type the liquid and milled solid may 
be withdrawn as a slurry from the top of 
the upper portion and, as noted above, the 
particulate milling medium selectively settles 
and returns to the lower portion of the con- 
tainer to be utilised in the milling of more 
pigment 

No. 971,756 describes and claims a pro- 
cess for the grinding of solids in liquid, 
comprising continuously supplying solid 
particles to be ground and a liquid to a first 
zone containing agitated particulate grind- 
ing medium, passing the slurry of liquid, 
ground solid particles and grinding medium 
thus produced into the lower portion of a 
second zone located above the first zone, the 
slurry rising in the second zone at a vertical 
rate which is such that particulate grinding 
medium settles continuously and preferen- 
tially to the ground solid particles and falls 
from the second zone into the first zone, 
and removing from the second zone liquid 
and ground solid particles free from at least 
most of the grinding medium. 

If desired the upper portion of the con- 
tainer may be a cylindrical extension of the 
lower portion of the container of similar 
diameter. " 

Another form of container which may be 
used is one having an inlet orifice at one end 
and at the opposite end an exit port pro- 
vided with a wire mesh or other sieve device 
for selectively retaining milling medium 
within the container while allowing the 
liquid and milled solid to pass out of the 
container. When this form of container is 
used, the pigment and liquid medium (e.g. 
water), either separately or as a slurry, may 
if desired be fed to the top of the container 
and discharged after grinding through the 
bottom of the container where the sieve will 
retain the grinding medium. 

If desired, a grinding apparatus in which 
the feed is introduced into the top of the 
container may be used in series with a grind- 
ing apparatus in which the feed is introduced 
into the bottom of the container. 
I The shaft carrying the impellers is con- 
veniently a cylindrical shaft adapted to be 
driven by means of an electric motor. 

The impellers, which are normally rigidly 
fixed to the shaft and rotate therewith, may 
be solid or hollow discs of diameter smaller 



than the internal diameter of the container in 
which they operate, or they may be spoked 
annular impellers. They may carry pro- 
jections on their upper and/or lower sur- 
faces, if desired. They may conveniently 70 
be from about 0.1 of an inch to about 6 
inches, preferably from 1 inch to 3 inches, 
in thickness. 

The diameter of the impellers is suitably 
such that a space of about 0.1 of an inch 75 
to about 6 inches, preferably at least about 
1 inch, exists between the interior wall of the 
container and the periphery of the impel- 
lers. It is preferred that there are at least 
two impellers on the shaft within the con- 80 
tainer but any number may be used, for ex- 
ample up to 12. A convenient spacing of the 
impellers along the shaft is one in which 
the distance between adjacent impellers is 
from 1 to 10 inches, although the distance 85 
may be greater or less if desired. 

It is preferred to position the baffles so 
that one baffle projects between each pair 
of adjacent impellers. This can be achieved 
by forming the container of successive sec- 90 
tions and by bolting or otherwise clamping 
annular discs between the sections in such 
a manner that the inner edge of each an- 
nular disc projects between the impellers. 

In the case of larger machines, however, 95 
it has been found convenient to provide a 
container composed of vertical sections 
bolted or otherwise fixed together. By the 
use of such a container in which baffles are 
welded or otherwise fixed between sections, 100 
the assembly of the apparatus is made easier 
since the vertical sections of the container 
need merely be placed in position and fixed 
so that the baffles project between the impel- 
lers which are already assembled on the 105 
shaft ... 

The width of the baffle projecting into the 
container should be greater than the dis- 
tance between the periphery of the impeller 
and the interior wall of the container, thus 110 
ensuring that the inner edge of the baffle 
projects inwardly beyond the periphery of 
the impeller into the space between the 
upper and lower surfaces of adjacent im- 
pellers. It has been found convenient to 115 
provide baffles which project inwardly from 
the interior wall of the container for a 
distance up to about twice that between the 
periphery of the impeller and the interior 
wall of the container, but the distance may 120 
be greater than this if desired. 

The thickness of the baffles should of 
course be such that a gap is left between the 
upper and lower surfaces of adjacent im- 
pellers and the lower and upper surfaces of 1^5 
the baffle between these impellers to allow 
the slurry in the container to pass freely 
between the baffles and the rotating im- 
pellers into the space between adjacent im- 
pellers. 1J0 
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It has been found convenient to f orm the 
baffles of such a cross section that the sharp 
comers between the upper and lower sur- 
faces of the baffles and the interior wall of 

5 the container are eliminated and replaced 
by a smooth curve. Baffles of this cross sec- 
tion prevent the accumulation of pigment or 
solid grinding medium in the corners be- 
tween the baffles and the container walL 

10 The inner edge of the baffles may, if 
desired, be serrated or castellated. The ser- 
rations or castellations may be formed other 
than in the plane of the respective baffle, so 
as to affect the direction of flow of the 

15 material passing the edge of the baffle. 

The impellers and baffles should normally 
be made of material resistant to the abrasive 
action of the particulate solids in the con- 
tainer. The impellers may be coated with, 

20 or composed of, polyurethane rubber and, 
if desired, the baffles may also be coated 
with or composed of this material. Poly- 
urethane rubber is resistant to abrasion and 
does not tend to cause discolouration of the 

25 milled solids. The latter quality is particu- 
larly useful when the milled solid is a pig- 
ment as it is very desirable to avoid the 
discolouration of pigment. Our Patent No. 
900,050 describes and claims milling appara- 

30 tus and a process of sand milling using an 
agitator (such as the shaft and impellers of 
the present Specification) which is made, at 
least on the surface, of polyurethane rubber. 
By the use of apparatus according to the 

35 present invention it has been found that the 
efficiency of sand milling is increased and 
the retention time required to achieve a 
given result is much reduced. Thus it has 
been found that a substantial increase in 

40 tinting strength in the grinding of titanium 
dioxide pigment in water or other liquid 
media, or satisfactory dispersion of solid in 
a liquid, is obtained in a much shorter time 
. than that needed in the absence of the baffle 

45 or baffles of this invention. The invention 
therefore increases substantially the amount 
of solid which can be milled in a given time 
in an apparatus of given dimensions, for 
example in some cases the throughput of 

60 the pigment being milled may be doubled. 
One reason for the increased efficiency is 
believe to be that in the absence of the 
baffles of the invention a substantial propor- 
tion of the solid to be milled passes through 

®5 the container between the interior wall and 
the periphery of the impellers without pass- 
ing into the space between the upper and 
lower surfaces of adjacent impellers where 
the full milling action is exerted. For this 

w increased efficiency to be obtained, it is 
essential that there be overlapping between 
the inner edge of the baffles and the outer 
edge of the impellers. Consequently, in the 
absence of the baffles of the invention it is 

65 necessary to retain the solid to be milled in 



the apparatus for a sufficient length of time 
to ensure that solid which escapes the action 
of the impellers initially is recirculated 
around the container until it is subjected to 
the milling action of the impellers. 70 

In addition there is an increase in the 
proportion of static surface in relation to 
the moving surfaces (i.e. the impellers and 
shaft) in the container when baffles accord- 
ing to the present invention are present 75 
which provides additional retardation of the 
swirling motion of the contents in the con- 
tainer and thus increases the efficiency of 
grinding. 

The solid milling medium may com- 80 
prise particles of silica, zircon, alumina, 
titanium dioxide or glass or ceramic 
material The particle size of this milling 
medium may vary according to whether 
grinding or dispersion of the milled solid is 85 
to be effected* but an average particle size in 
the range of about 76 microns to 3,000 
microns, preferably 250 microns to 2,500 
microns and particularly 400 to 600 microns, 
is generally suitable. 90 

A method of using the apparatus of the 
present invention will now be described. 

A charge of milling medium is introduced J 
into the container and the impellers are jf| 
rotated at high speed, for example at a speed w> 
in the range of 2,000 ft/min. to 4,000 ft/ jl 
min. measured at the periphery of the im- || 
peller. The solid to be milled and a liquid || 
are then continuously supplied to the con- «f 
tainer, preferably through an inlet port in 100 
the base of the container fitted with a flexible 
non-return slit valve, for example of the Per- 
reaux type. The solid and liquid rise in the 
container over the baffle or baffles and are 
consequently directed between the upper 105 
and lower surfaces of adjacent impellers i 
where the solid is subjected, in the presence / 
of milling medium, to the milling action in- I 
duced by the rotating impellers. When the | 
pigment/liquid slurry containing milling [HO 
medium reaches the upper part of the con- \ 
tainer, either the milling medium may be 
selectively retained by a sieve which allows 
the milled solid /liquid slurry to pass through, 
or the mixture may be passed into a settling 115 
zone, for example an upper portion of the 
container of the inverted frusto-cone type or 
cylindrical extension of the lower part of 
the container previously described, in which 
the milling medium preferentially settles out 120 
and returns to the lower part of the con- 
tainer. If desired water or other liquid may 
be added to the upper part of the container 
to dilute the slurry present there and thus 
assist in the selective settling out of the 125 
grinding medium. 

Best results may be obtained when the 
lower part of the container, where the mill- 
ing takes place, is filled with grinding 
medium before operation of the process has 130 
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begun. Preferably the apparatus is filled, 
before operation, with grinding medium ex- 
tending a little way up the frusto-conical 
upper part of the container, when such a 
5 frusto-conical upper part is to be used. The 
operation of the impellers may cause some 
lifting of the mass of grinding medium. 

If the solid is a pigment to be dispersed 
in a liquid, the liquid of the slurry is the 

10 liquid in which the pigment is to be dis- 
persed, for example a paint base. 

The invention is illustrated by the draw- 
ing accompanying the Provisional Specifica- 
tion, which shows in vertical section a pre- 

15 ferred milling apparatus. 

The container of the apparatus is formed 
by a cylindrical lower portion (1) and an in- 
verted frusto-conical upper portion (2) form- 
ing a continuation of the lower portion (1). 

20 The lower portion (1) is 10 inches in 
diameter and 24 inches in height The upper 
portion (2) is therefore also 10 inches in 
diameter at its lower end (3) and is 48 inches 
in diameter at its upper end (4). Its height 

25 is 16 inches. 

The container is open at the top (4); at 
the bottom is an orifice (5) connected to an 
inlet pipe (6) fitted with a rubber non-return 
slit valve (7) of the Perreaux type. Around 

30 the top (4) of the container is an overflow 
channel (8) having a l^ad-off pipe (9). 

A shaft (10) projects downwardly along 
the vertical axis of the lower and upper por- 
tions (1) and (2). The shaft (10) has con- 

35 centrically mounted thereon five impeller 
discs (11) rotatable with the shaft These 
are 8 inches in diameter and three quarters 
of an inch thick. The impeller discs (11) 
are supported 4 inches apart by means of 

40 distance pieces (12) and the bottom impeller 
disc (11) is supported by a nut (13). Part 
of the shaft (10) in the upper portion (2) 
is surrounded by a loose collar (14) carry- 
ing four vertical vanes (15). The vanes are 

45 not rotated by the shaft but serve to 
minimise or prevent vortex formation in the 
upper portion (2). 

A baffle in the form of an annular disc 
(16) projects inwardly from the wall of the 

50 lower section (1) between each pair of ad- 
jacent impeller discs (11). Each annular 
disc (16) is mounted between a pair of 
cylindrical sections (17) forming the lower 
portion (1) and is held in place by bolts (18) 

55 passing through the annular disc and 
through outwardly projecting elements (19) 
of the cylindrical sections (17). Each an- 
nular disc (16) is three sixteenths of an inch 
thick (when made as in this case from mild 

60 steel) and projects inwardly for 2 inches 
from the wall of the lower portion (1). (The 
thickness of the annular discs may be 
greater, particularly if these are made from 
other material for example polyurethane.) 

65 In the operation of the apparatus, a charge 



of grinding medium such as sand or glass 
beads is placed in the lower portion of the 
container (1) and the shaft (10) is rotated 
at about 1400 r.p.m. A slurry of the solid 
to be milled, for example an aqueous slurry 70 
of titanium dioxide pigment, is then intro- 
duced through the inlet orifice (5). As the 
slurry rises up the sloping sides of the upper 
portion of the container (2) the grinding 
medium preferentially settles out and returns 75 
to the lower portion of the container (1). 
The remaining solid/liquid slurry rises over 
the edge of the upper portion of the con- 
tainer (4) and collects in the overflow chan- 
nel (8) from which it is led off through pipes 80 
(9). If desired, additional water can be 
supplied to the upper portion of the con- 
tainer (2) to assist in the preferential settling 
out of the grinding medium. 

The non-return valve (7) allows the slurry 85 
to pass through the inlet orifice (5) into the 
lower portion (1), but should the supply of 
slurry decrease or fail then the non-return 
valve (7) closes and prevents the backflow 
of slurry containing milling medium from 90 
the inlet orifice (5) into the inlet pipe (6). 

Example L 

The apparatus used was similar to that 
previously described. A charge of 200 lb. of 
soda glass particles having a particle size 95 
in the range 04 to 0.6 mm. was placed in 
the lower portion of the container (1) and 
the impellers (11) were rotated at 1400 r.pjn. 

An aqueous titanium dioxide slurry hav- 
ing a concentration of 600 grams per litre «*> 
was fed to the inlet orifice (5) at a rate of 
0.08 cubic metre per hour, giving an average 
residence time in the lower portion of the 
container of 9 mins. The material recovered 
from the lead-off pipes (9) had a tinting 105 
strength (estimated on the Reynold's Scale) 
of 1790. 

To provide a contrast to the above Ex- 
ample, the baffles (16) were then removed 
from the device and an aqueous titanium liU 
dioxide slurry containing the same pigment 
at the same concentration as in the Example 
was fed to the inlet orifice (5). It was found 
that a feeding rate of 0.045 cubic metre per 
hour was necessary to give a tinting strength 110 
of the material recovered from the lead- 
off pipes (9) of only 1730. This feeding rate 
meant that the retention time was 16 minutes 
instead of the 9 minutes of the example. If _ 
the feedins rate was made as high as in the l ™ 
Example (0.08 cubic metre per hour, i.e. a 
retention time of 9 minutes), the tinting 
strength of the material recovered fell to 
only 1675. 

Example 2. 

The apparatus used was similar to that 
previously described, but had the following 
dimensions : 
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Internal diameter of lower portion 

Height of lower portion (1) !" 
Diameter of impellers (11) ... 
Number of impellers (11) 
Distance apart of impellers (11) 



48" 
17-*" 

6 

7" 



The apparatus was provided in turn with 
sets of baffles (16) which projected inwardly 
for various distances from the internal wall 

10 of the lower portion (1) of the container mid- 
way between the impellers (11). The dis- 
tances which the baffles projected from the 
internal wall were 2" (as far as the periphery 
of the impeller); 2\" (£" overlap); 3" a 4 

15 overlap); 3£" overlap) and 5" (3" over- 
lap). 

The apparatus was operated with each of 
the sets of baffles, the impellers being rotated 
at625r.p.m. 

20 The apparatus contained for each opera- 
tion a charge of 1400 pounds of Ottawa sand 
as grinding medium and was fed from a 
common feed-stock of aqueous TK> 2 slurry 
containing 650 grams/litre Ti0 3 and sodium 

25 silicate (1.5% as SiO a on TiOJ as a dis- 
persing agent at a rate of 0.32 cubic metre 
per hour in each case. 

Samples of the pigment were taken when 
equilibrium had been established and these 
30 were examined for tinting strength by the 
Reynolds Blue method. The power con- 
sumption of the mill was noted. 

The following results were obtained: — 



Tinting 
Overlap Strength 



1. 
Z 
3. 
4. 
5. 



0 



1710 
1760 
1760 
1760 
1760 



In 1 above (which is not according to the 
present invention) the tinting strength is 
lower than in 2 to 5 which are according to 
the present invention. 

45 WHAT WE CLAIM IS : — 

1. An apparatus for sand milling com- 
prising a container and a shaft rotatable 
within the container, the shaft carrying a 
plurality of impellers spaced apart along its 

50 length within the container, there being at 
least one baffle projecting inwardly from 
the interior wall of the container between 
the impellers so that the inner edge of the 
baffle and the outer edges of the impellers 

55 overlap, the baffle extending continuously or 
substantially continuously around the in- 
terior wall of the container. 

2. An apparatus according to claim 1 in 
which the container comprises a generally 



cylindrical vessel in which the shaft extends 60 
axially. 

3. An apparatus according to claim 2 in 
which the vessel is mounted vertically with 
the upper end open and the shaft projecting 
downwardly from a drive mechanism 65 
through the open end. 

4. An apparatus according to claim 2 or 
3 in which the generally cylindrical vessel 
forms the lower portion of the container and 
the upper portion of the container is formed 70 
by a continuation of the lower portion hav- 
ing walls sloping outwardly to form a hollow 
inverted frusto-cone. 

5. An apparatus according to any of 
claims 1-4 in which the impellers are solid 75 
or hollow discs of diameter smaller than the 
internal diameter of the container. 

6. An apparatus according to any of 
claims 1—5 in which the impellers are 
spoked annular impellers of diameter 80 
smaller than the internal diameter of the 
container. 

7. An apparatus according to claim 5 or 
6 in which the diameter of the impellers is 
such that a space of 0.1— 6 inches exists be- 85 
tween the interior wall of the container and 
the periphery of the impellers. 

8. An apparatus according to claim 7 in 
which said space is at least 1 inch. 

9. An apparatus according to any of 90 
claims 1—8 in which the impellers are 0.1— 

6 inches in thickness. 

10. An apparatus according to claim 9 
in which the impellers are 1—3 inches in 
thickness. , 95 

11. An apparatus according to any of 
claims 1—10 in which there are up to twelve 
impellers on the shaft within the container. 

12. An apparatus according to any of 
claims 1 — 11 in which the distance between 100 
adjacent impellers is 1—10 inches. 

13. An apparatus according to any of 
claims 1 — 12 in which the baffles are so posi- 
tioned that one baffle projects between each 
pair of adjacent impellers. 105 

14. An apparatus according to any of 
claims 1 — 13 in which the baffle or baffles 
projects or project inwardly from the con- 
tainer wall between the impellers for a dis- 
tance such that the overlap is up to twice HO 
the distance between the periphery of the 
impellers and the interior wall. 

15. An apparatus according to any of 
claims 1 — 14 in which the baffle or baffles 
has or have such a cross section that there 115 
is no sharp corner between the upper and 
lower surfaces of the baffle or baffles and the 
interior wall of the container. 

16. An apparatus according to anv of 
claims 1 — 15 in which the inner edge of the 120 
baffle or baffles is formed with serrations 

or casteliations so as to control the direction 
of flow of material passing the edge. 

17. An apparatus according to any of 
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claims 1 — 16 in which the impellers and /or 
the baffle or baffles are or is coated with or 
composed of polyurethane rubber. 
18. An apparatus for the milling of 
5 solids in liquids, substantially as hereinbe- 
fore described with reference to the draw- 
ing accompanying the provisional specifica- 
tion. 

19* A process for the milling of particu- 

10 late solids in liquids, comprising subjecting 
the particulate solids to the action of a 
grinding medium actuated by the impellers 
in an apparatus being the apparatus of any 
of claims 1 — 18* 

15 20. A process according to claim 19 in 
which the particulate solids and the liquid 
are supplied through an orifice at the lower 
end of the apparatus and the milled solids in 
the liquid are withdrawn from the upper 

20 end of the apparatus. 

21. A process according to claim 19 or 
20 in which the milling medium compris- 
ing particles of silicon, zircon, alumina, 
titanium dioxide, glass or ceramic material 

25 22. A process according to any of 
claims 19—21 in which a charge of milling 
medium is introduced into the container be- 
fore operation of the impellers, the charge 
being such as to fill the part of the containei 

30 where the milling takes place. 

23. A process according to any of claims 
19 — 22 in which a charge of milling medium 
is introduced into the container before 



operation of the impellers, the impel- 
lers are rotated at a speed in the range 35 
2000 — 4000 feet per minute measured at 
the periphery of the impellers* the particulate 
solid to be milled and the liquid are con- 
tinuously supplied to the container through 
an inlet port in the base of the container, 40 
the solid and liquid rise in the container 
over the baffle or baffles and are directed 
between the upper and lower surfaces of 
adjacent impellers where the solid is sub- 
jected, in the presence of the milling 45 
medium, to the action of the rotating im- 
pellers, the resulting slurry of milled solid 
in liquid containing milling medium rises in 
the upper part of the container not contain- 
ing baffles or impellers and milling medium 50 
is then separated from the slurry and milled 
solid is recovered. 

24. A process according to claim 23 in 
which the said inlet port is fitted with a 
flexible non-return slit valve, 55 

25. A process for the milling of solids in 
liquids according to claim 19, substantially 
as hereinbefore described in either of the 
Examples. 

For the Applicants, 
CARPMAELS & RANSFORD, 
Chartered Patent Agents, 
24 Southampton Buildings, 
Chancery Lane, 
London, W.C.2. 
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